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1
MOTOR CONTROL APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a motor control apparatus,
in particular, to a vehicle-steering control apparatus such as
an electric power steering apparatus and an automatic steer-
ing apparatus for automobiles.

2. Description of the Prior Art

Heretofore, it has been commonly conducted to increase
power supply voltages in order to raise an efliciency of
large-power vehicular equipment. Although power supply
(battery) voltages 1n passenger cars, for example, has gen-
crally been set at 12V, power supply voltages in commercial
cars such as trucks has been set at 24V as they need a greater
power supply. It has also been considered to set power
supply voltages at 42V even 1n passenger cars as the number
of equipment mounted therein increases. Moreover, 1n elec-
tric cars, a power supply of high voltages as much as 200V
or 300V 1s even mounted.

Whereas, a microcontroller or an operational amplifier
implemented 1n a control device for controlling a variety of
vehicular equipment has been generally used at low voltage
such as 3.3V, 5V, and 8V, etc. Applying high power supply
voltage to such a control device causes a greater voltage
drop 1n a power supply circuit, resulting 1n greater loss 1n the
circuit.

There has been a known electric power steering apparatus,
as a motor control apparatus to be mounted 1n a high voltage
car system described above, as disclosed 1n Japanese Patent
Laid-open Publication JP 2002-166837 (U.S. Pat. No. 6,600,
983). In the above electric power steering apparatus, as
shown 1n FIG. 3, a battery 1 supplies a high voltage power
directly to a driving means 32 for a motor 2 and also supplies
a lower voltage stepped down by a switching regulator 4 to
a control unit 31 including a microcontroller and others
through a series regulator 33, thereby a steep voltage drop at
the series regulator 33 can be suppressed, even 1n a vehicle
equipped the battery 1 with relatively higher voltage such as
24V,36V, preventing a power loss 1n the power supply circuit
of the control unit 31.

Whereas, the driving means 32 1s directly power-supplied
from the battery 1, therefore the driving means 32 can be
driven with higher efliciency to realize the control device
with higher efliciency, as a whole.

However, there has been the problem in the aforemen-
tioned electric power steering apparatus that a power con-
sumption 1n the battery becomes larger because the switch-
ing regulator 4 has been always operated, notwithstanding
the control unit 31 comprising the microcontroller and
others 1s operated or not, supplying electric power continu-
ously to the series regulator 33. Once the switching regulator
4 started 1ts self-excited oscillation, for example, 1ts oscil-
lation sustains even after switching ofl of an 1gnition switch,
resulting 1n power consumption in the battery 1 even during
an ofl-time of the 1gnition switch.

SUMMARY OF THE INVENTION

The mvention was developed to resolve the above-de-
scribed problems, and it 1s therefore an object of the mnven-
tion to provide a motor control apparatus, capable of reliably
reducing power consumption on standby by constituting so
that the control unit 1s completely prevented from being
supplied the power when the control unit comprising a
microcontroller and others 1s not operated.
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To achieve the above object, the first aspect of the motor
control apparatus of the present invention 1n which a battery
supplies a voltage power directly to a driving means for a
motor and also supplies a lower voltage stepped down by a
switching regulator to a control unit comprising a micro-
controller and others, 1s constituted so that the switching
regulator 1s started 1ts switching by a starting signal supplied
from the outside of the motor control apparatus and 1is
stopped its switching by the first stopping signal from the
outside of a motor control apparatus and the second stopping
signal derived from the control unit.

The second aspect of the motor control apparatus of the
present invention in which a battery supplies a voltage
power directly to a driving means for a motor and also
supplies a lower voltage stepped down by a switching
regulator to a control unit comprising a microcontroller and
others, 1s constituted so that the switching regulator 1s started
its switching by a starting signal derived from the control
unit and 1s stopped its switching by the stopping signal
derived from the control unit.

According to the motor control apparatus of the present
invention, a power consumption i1n the control unit com-
prising a microcontroller and others can be substantially
reduced and a power consumption on standby can be also
reduced by constituting so that the control unit 1s completely
prevented from being supplied the power when the control
unit 1s not operated.

DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram of a vehicle-steering control
apparatus according to the first embodiment of the inven-
tion;

FIG. 2 1s a circuit diagram of a vehicle-steering control
apparatus according to the second embodiment of the inven-
tion;

FIG. 3 1s a circuit diagram of a vehicle-steering control
apparatus in a conventional art.

DESCRRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

An embodiment of the present mvention will now be
described. FIG. 1 shows a first embodiment of the invention,
wherein reference numeral 1 denotes a power supply such as
a battery; 2, a motor for increasing driver’s steering power;
3, a control unit for controlling the motor 2. The control unit
3 1s, same as the prior art shown 1n FIG. 3, equipped with a
control means 31 comprising a microcontroller and others,
a driving means 32 for driving the motor 2 according to the
instruction from the control means 31, and a series regulator
33. The battery 1 supplies a voltage power directly to a
driving means 32 for a motor 2 and also supplies a lower
voltage stepped down by a switching regulator 4 comprising
a DC-DC converter to a control means 31 comprising a
microcontroller and others. The switching regulator 4 shown
in this embodiment 1s constituted by a self excited step
down-chopper circuit. The series regulator 33 1s operated so
as to convert a voltage from the switching regulator 4 to the
other stabilized voltage predetermined and to generate a
reset signal at a low voltage state. Reference numeral 10
denotes an 1gnition switch for serving a starting signal or a
stopping signal from the outside of the control unit 3. The
switching regulator 4 1s provided with a first transistor 41 for
interrupting intermittently the voltage from the battery 1, a
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coil 42 for filtering the intermittent voltage from the collec-
tor of the first transistor 41, a first diode 43 for overspill a
current ol the coil 42, a capacitor 44 for filtering the
intermittent voltage from the collector of the transistor 41
together with the coil 42, a second diode 45 for inputting a
teedback signal from an output voltage of the switching
regulator 4 filtered by the coil 42 and the capacitor 44 to a
second transistor 47 which will be discussed later, a zener
diode 46 for generating a referential signal to determine a
output voltage of the switching regulator 4, and the second
transistor 47 for switching the first transistor 41 to take place
a chopper operation based on both of the feedback signal
from the second diode 45 and the referential signal from the
zener diode 46. The preferred embodiment 1 according to
this invention 1s further provided with a third transistor 5 for
inputting the starting or stopping signal generated by the
ignition switch 10 to a microcontroller 31, and a fourth
transistor 6 for stopping an oscillation of the switching
regulator 4 by the signal from the microcontroller 31.

Now the operation of the above embodiment will be
described with reference to FIG. 1. When the 1gnition switch
10 1s closed, the battery 1 supplies a base current to the
second transistor 47 via a resister 7 to bring 1t into conduc-
tion, thereby the battery 1 supplies a base current to the first
transistor 41 to bring 1t 1nto conduction. Upon turning on of
the transistor 41, the current flows from the collector of the
first transistor 41 to the capacitor 44 via the coil 42, causing
the output voltage of the switching regulator 4 to rise. The
output voltage of the switching regulator 4 1s given to the
emitter of the second transistor 47 via the second diode 45
as a feedback signal. The constant voltage by the zener diode
46 1s applied to the base of the second transistor 47 as a
reference signal, and 1s compared with the feedback signal
to perform a feedback controlling. In detail, when the
voltage of the reference signal 1s higher than that of the
teedback signal, the second transistor 47 1s turned on to keep
the first transistor 41 on, on the contrary, when the voltage
of the reference signal i1s lower than that of the feedback
signal, the second transistor 47 1s turned off to bring the first
transistor 41 to out of conduction.

The intermittent voltage generated by on/ofl operation of
the first transistor 41 1s given to the coil 42, and while the
first transistor 41 1s turned ofl, a current flowing in the coil
42 1s refluxed through the first diode 43 and capacitor 44 to
charge up the capacitor 44 and filtering function is taken
place. As understood from the foregoing operation, if the
forward voltage of the second diode 45 1s equal to the
voltage between the base and emitter of the second transistor
47, the output voltage of the switching regulator 4 1is
teedback controlled so as to be equal to the voltage of the
zener diode 46. The voltage of the switching regulator 4 1s
then given to the series regulator 33 wherein 1t 1s stabilized
to the predetermined value.

The stabilized voltage from the series regulator 33 1s
supplied to the microcontroller 31 as 1ts power source and 1s
also supplied to RES terminal of the microcontroller 31 as
a reset signal. The microcontroller 31 supplied the power
source and the reset signal from the series regulator 33
performs a given operation and provides a given instruction
to the motor driving circuit 32 for driving the motor 2.

An operation for reducing power consumption on standby
will be described hereafter. While the 1gnition switch 10 1s
closed, the battery 1 supplies a base current to the third
transistor 3 to bring 1t mto conduction, thereby the micro-
controller 31 1s given a starting signal to start controlling a
variety of vehicular equipment therein. In this state, when
the 1gnition switch 10 1s opened, the third transistor 5 1s

"y

10

15

20

25

30

35

40

45

50

55

60

65

4

brought to turn ofl to give the microcontroller 31 a stopping
signal. As the result of 1t, the microcontroller 31 decelerates

the motor 2 at an appropriate deceleration to bring 1t to a
stop, and a given stopping process 1s taken place, for
example, the executed data 1s stored in a nonvolatile
memory implemented in the microcontroller 31. After a
lapse of time necessary for the stopping process, the micro-
controller 31 provides a stopping signal to the base of the
fourth transistor 6 to bring 1t into conduction. As the result,
the second transistor 47 and the first transistor 41 are turned
ofl to bring the oscillation of the switching regulator 4 into
stopping, thereby causing to stop a power supply to the
microcontroller 31 from the battery 1.

According to this embodiment of the invention, the motor
controlling apparatus 1s constituted so that the series regu-
lator 33 which supplies power to the microcontroller 31 1s
supplied with electric power via the switching regulator 4
from the battery 1, therefore 1t 1s possible to reduce power
loss 1n the microcontroller 31.

Furthermore, the motor controlling apparatus according to
this embodiment 1s constituted so that the microcontroller 31
1s not supplied with power when the microcontroller 31 1s
inoperative, therefore 1t 1s possible to reduce a power
consumption on standby of the motor control apparatus. In
addition, the motor controlling apparatus according to this
embodiment 1s constituted so that the battery 1 supplies a
voltage power directly to a driving means 32 and also
supplies a voltage power to the microcontroller 31 through
a switching regulator 4, therefore, as in the prior art, 1t 1s
possible to reduce a power loss for the microcontroller 31,
and 1t 1s also possible to supply a high voltage to the motor
2, improving over all efliciency. Although the switching
regulator 4 1s embodied by the step-down chopper circuit in
Embodiment 1, 1t 1s, of course, embodied by the step-up
chopper circuit, 1n this case, 1t 1s possible for the microcon-
troller 31 to operate with stability even when the battery
voltage 1s decreased.

Embodiment 2

The second embodiment of the present invention will next
be described. FIG. 2 shows an example of the switching
regulator 4 constructed of separately excited chopper circuit.
Like reference characters designate like component parts 1n
the first embodiment of the invention. This embodiment 1s
different from the first embodiment in the point that there 1s
no second diode 45 through which the output voltage of the
switching regulator 4 filtered with the coil 42 and the
capacitor 44 1s input to the second transistor 47 as a feedback
signal. Other point different from the first embodiment 1s
that there exists the resister 48 1nstead of the zener diode 46
for generating a reference signal. The rest of the components
are the same with the first embodiment so that no explana-
tion about those would be necessary.

The operation of this circuit will next be explained. When
the 1gnition switch 10 1s closed, the battery 1 supplies a base
current to the second transistor 47 via a resister 7 to bring 1t
into conduction, thereby a current flows from the base of the
first transistor 41 to the collector of the second transistor 47
to bring the first transistor 41 nto conduction. Upon turming
on of the transistor 41, the electric current flows from the
collector of the first transistor 41 to the capacitor 44 via the
coil 42, causing the output voltage of the switching regulator
4 to rise. The output voltage of the switching regulator 4 1s
next given to the series regulator 33 1n which the output
voltage 1s stabilized to the predetermined voltage value.
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The series regulator 33 applies the predetermined voltage
to the microcontroller 31 as 1ts power source and also gives
a reset signal to the microcontroller 31 at a time of a voltage
drop or a starting operation.

The switching regulator 4 1s not yet switched 1n operation
at this moment and the first transistor 41 1s 1n a conducting
state at 1ts saturated region. Therefore, the voltage difference
between the battery voltage and the power source voltage
Vce to the microcontroller 31 1s applied to the series
regulator 33, resulting in a higher power loss.

However, immediately after the starting operation of the
microcontroller 31, the microcontroller 31 begins to turn on
and off the fourth transistor 6 at a given frequency and
thereby turns on and off the first transistor 41 via the second
transistor 47. The voltage generated intermittently by
switching of the first transistor 41 1s given to the coil 42, and
while the first transistor 41 1s turned ofl, a current flowing in
the coil 42 1s circulated through the first diode 43 to occur
the accumulation of charge 1n a capacitor 44 for filtering.

With an aforementioned operation, the output voltage of
the switching regulator 4, 1n a case where the duty ratio of
switching on the first transistor 41 1s 50%, for example, 1s
cut 1n approximately half of the voltage of the battery 1.

While the 1gnition switch 10 1s closed, on the other hand,
the third transistor 5 1s turned on to give a starting signal to
the microcontroller 31. When the i1gnition switch 10 1s
opened, the third transistor 3 1s turned ofl to give a stopping
signal to the microcontroller 31. The microcontroller 31
decelerates the motor 2 at an appropriate deceleration to
bring 1t to a stop, and a given process for stopping 1s taken
place 1n the microcontroller 31, for example, the executed
data 1s stored in a nonvolatile memory implemented in the
microcontroller 31.

According to this embodiment of the invention, the motor
control apparatus 1s constituted so that the switching regu-
lator 4 1s constructed of separately excited chopper circuit
which 1s directly controlled by the microcontroller 31, and
the output voltage of the switching regulator 4 1s controlled
with the open-loop, therefore 1t 1s possible to have a same
eflects with the first embodiment, and 1n addition to 1it, to
deliver substantial reduction 1n component count.

Whereas many alterations and modifications of the
present invention will no doubt become apparent to a person
of ordinary skill in the art after having read the foregoing
description, 1t 1s to be understood that the particular embodi-
ment shown and described by way of 1illustration 1s 1 no
way 1ntended to limit the scope of the claims which in
themselves recite only those features regarded as essential to
the 1nvention.

What 1s claimed 1s:
1. A motor control apparatus comprising:
a pOwer Source;

a motor driving unit supplied with power from the power
SOurce;

a switching regulator supplied with power from the power
source; and

a control unit for controlling the motor driving unit and
supplied with power from the switching regulator;

wherein said switching regulator stars switching by a first
starting signal supplied from the outside of the motor
control apparatus and upon the disappearance of the
first starting signal, the switching regulator continues
switching by a second starting signal derived from the
control unit until both the first starting signal and the
second starting signal disappear.
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2. A motor control apparatus according to claim 1,
wherein the control unit 1s supplied with power from the
switching regulator via a series regulator for establishing a
given stabilized voltage.

3. A motor control apparatus according to claim 1,
wherein the switching regulator comprises a first transistor
for interrupting the power source, a filtering circuit for
filtering the output voltage of the first transistor, a first diode
for circulating a current tlowing i a coil in the filtering
circuit, a second diode for feed-backing the filtered output
voltage, a zener diode for generating a reference signal, and
a second transistor for switching the first transistor to make
it chopper operation based on the feedback signals from the
second diode and the reference signals from the zener diode.

4. A motor control apparatus according to claim 1,
wherein the first starting signal 1s an on signal of an 1gnition
switch.

5. A motor control apparatus according to claim 4, further
comprising a third transistor for mputting the first starting
signal from the 1gnition switch nto the control unit, and a
fourth transistor for starting or stopping an oscillation of the
switching regulator by a second starting signal from the
control unait.

6. A motor control apparatus according to claim 1,
wherein the switching regulator comprises a voltage step-up
or step-down chopper circuit.

7. A motor control apparatus comprising:
a POWEr Source;

a motor driving unit supplied with power from the power
SOUrCe;

a switching regulator supplied with power from the power
source; and

a control unit for controlling the motor driving umt and
supplied with power from the switching regulator;

wherein said switching regulator 1s operated without
switching by a first starting signal from the outside of
the motor control apparatus and starts switching by a
second starting signal derived from the control unit and
continues switching until the second starting signal
disappears.

8. A motor control apparatus according to claim 7,
wherein the control umt i1s supplied with power from the
switching regulator via a series regulator for establishing a
given stabilized voltage.

9. A motor control apparatus according to claim 7,
wherein the switching regulator comprises a first transistor
for interrupting the power source, a filtering circuit for
filtering the output voltage of the first transistor, a diode for
circulating a current flowing 1n a coil in the filtering circuat,
and a second transistor for switching the first transistor to
make 1t chopper operation based on the signals from the
control unit.

10. A motor control apparatus according to claim 7,
further comprising a third transistor for inputting the first
starting signal from an 1gnition switch 1nto the control unit,
and a fourth transistor for switching the switching regulator
by the second starting signal from the control unait.

11. A motor control apparatus according to claim 7,

wherein the first starting signal 1s an on-signal of the 1gnition
switch.

12. A motor control apparatus according to claim 7,
wherein the switching regulator 1s a voltage step-up or
step-down chopper circuit.

13. The motor control apparatus according to claim 1,
wherein the first starting signal 1s an on signal of an 1gnition
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switch and wherein the second starting signal instructs the
switching regulator to continue switching when the 1gnition
switch 1s off.

14. The motor control apparatus according to claim 13,
turther comprising a transistor between the control unit and
the switching regulator for supplying the second starting
signal to the switching regulator.

15. The motor control apparatus according to claim 7,
wherein the first starting signal 1s an on signal of an 1gnition

8

switch and wherein the second starting signal instructs the
switching regulator to start switching when the ignition
switch 1s off.

16. The motor control apparatus according to claim 15,
further comprising a transistor between the control unit and
the switching regulator for supplying the second starting
signal to the switching regulator.
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